Microbial hydroxylation of progesterone occurred in the culture of Acremonium strictum PTCC 5282 to produce two hydroxylated pregnene-like steroids. The metabolites were purified and characterized using spectroscopic methods and identified as 15K-hydroxyprogesterone and 15K-hydroxydeoxycorticosterone.
Introduction
Microbial hydroxylation of steroids have been extensively investigated by many researchers during the recent decades [1^6] . Microorganisms, specially various numbers of fungi have the ability to hydroxylate steroids in di¡er-ent positions of the molecule [7^11] . Metabolites obtained may be pharmacologically active or can be used in the commercial synthesis of other useful steroid compounds [12, 13] . Some kinds of these important biotransformations consisted in 11L-, 16K-, 17K-and 21-hydroxylations of progesterone producing corticosteroids [14^16] .
Among the large number of fungi, strains belonging to the cephalosporium-like fungi have been less studied for their potential to convert steroid compounds. However, strains belonging to the genus of Acremonium have been shown to be useful for this purpose [16^19].
During our screening procedure for isolation of microorganisms capable of converting various steroid compounds, it was found that Acremonium strictum PTCC 5282 converted hydrocortisone into some pregnane and androstane products [20] . In this study, the utility of the same fungus in progesterone biotransformation was investigated. The characterization of the metabolites was performed by various spectroscopic methods.
Materials and methods

Instrumental methods
The 1 H and 13 C nuclear magnetic resonance (NMR) spectra were obtained using a FTNMR Varian Unity Plus spectrometer at 400 and 100 MHz, respectively, with tetramethylsilane (TMS) as internal standard in CDCl 3 . Chemical shifts (N) are given in parts per million (ppm) relative to TMS. Coupling constants (J) are given in hertz (Hz). Mass (MS) spectra were obtained with a Finnigan MAT TSQ-70 instrument by electron impact (EI) at 70 eV. Infrared (IR) spectra were recorded using KBr disks on a Magna-IR 550 Nicolet FTIR spectrometer. Optical rotations were measured on solutions of methanol in 10 cm cells on a Perkin-Elmer 142 automatic spectropolarimeter. Melting points (mp) were determined on a melting point apparatus, Gallenkamp, UK and were uncorrected. Thin layer chromatography (TLC) and preparative TLC were performed, respectively, on 0.25-mm-and 10 cm-thick layers of silica gel G (Kieselgel 60 HF 254þ366 , Merck). Layers were prepared on glass plates and activated at 105 ‡C 1 h before use. Chromatography was per-formed with chloroform/acetone (7:3) and visualized by spraying the plates with a mixture of methanol and sulfuric acid (6:1) and heating in an oven at 100 ‡C for 3 min until the colors developed.
Chemicals
Progesterone was kindly donated by Iran Hormone Pharmaceutical Co. (Tehran, Iran) and had been purchased from Roussel (France). Sabouraud 2% dextrose broth and 4% dextrose agar were purchased from Merck (Darmstadt, Germany). Reagents and solvents were of analytical grade.
Microorganism and fermentation conditions
The strain of A. strictum PTCC 5282, which has been introduced in our previous report [20] , was maintained on Sabouraud 4% dextrose agar slope and freshly subcultured before using in the transformation experiment.
Ten 500-ml Erlenmeyer £asks, each containing 100 ml of liquid medium of Sabouraud 2% dextrose broth, were inoculated with freshly obtained spores from agar slope cultures and incubated 12 h at 25 ‡C in a rotary shaker (150 rpm). The spores were collected with a sterile normal saline solution containing 0.1% Tween 80. Progesterone (1 g) was dissolved in 20 ml of absolute ethanol. 2 ml of the ethanol solution was added to each 500-ml Erlenmeyer £ask. Incubation was continued for 3 days at the same conditions.
Isolation of progesterone transformation metabolites
All the fermentation media were put together and then extracted three times with chloroform. The organic phase was separated and ¢ltered to make it more clear. The extract was washed with water and evaporated under reduced pressure. The residue was loaded on preparative TLC with chloroform/acetone (7:3). The metabolites were puri¢ed by two successive preparative TLC with the same solvent system and then crystallized in methanol. Two metabolites (II, 176 mg; III, 102 mg) and the unconverted starting material (I, 285 mg) were identi¢ed by melting points and spectral data ( 13 C NMR, 1 H NMR, FTIR and MS).
Results and discussion
A. strictum PTCC 5282 transformed progesterone into the products I and II (Fig. 1) , both more polar than the substrate itself.
15K-Hydroxypregn-4-en-3,20-dione (II)
Crystallized from methanol; mp: 225^228 ‡C, [ The mass spectra of the metabolites II and III showed signals for the molecular ions at m/z 330 and m/z 346, which suggested the incorporation of one and two oxygen atoms, respectively, into the substrate. The IR spectra indicated the existence of at least one hydroxyl group in the compounds II and III.
The most signi¢cant 1 H NMR chemical shifts and the 13 C NMR signals of the substrate and the transformed compounds are presented in Tables 1 and 2 , respectively. The consistency, within a family of steroid compounds, of the e¡ects caused by a given substituent on the carbon bearing it and on those adjacent to this center (K, L and Q e¡ects) allows 13 C spectral assignments through comparison with closely related substances. For 5K-steroids, these substituent e¡ects were obtained by comparing the shieldings of a monosubstituted 5K-androstane (such as 15K-hydroxy-5K-androstane) with those of the unsubstituted 5K-androstane [22] . To calculate the approximate chemical shifts of C-1 to C-19 in 15K-hydroxy progesterone, one adds the appropriate substituent e¡ect to the shielding of each atom in progesterone.
In 5K-androstane-15K-ol, the deshielding e¡ect of the 15K-hydroxyl group on C-14, C-15 and C-16 has been reported as +7.2, +50.2 and +12.4, respectively [22] . These shifts showed to be very similar to those found in II, relative to progesterone, if one assumed the hypothesis of a 15K-OH group for the metabolite ( Table 2) . In contrast to the 1 H NMR spectrum of progesterone, that of compound II showed a multiplet at N 4.15. The shift from N 1.27 (CH-15L in progesterone) [23] to N 4.15 (presumably CH-15L in compound II) corroborated the presence of a 15K-OH group. Literature data for the H-15 chemical shift in 15K-and 15L-hydroxyprogesterone (N 4.12 and N 4.33, respectively [23] ) and the optical rotation and melting point of II (see [21] ) strongly con¢rmed the K-position of the 15-OH group. The mass spectrometry fragmentation patterns of II and III are consistent with the literature [24] .
In the 1 H NMR spectrum of III, the appearance of two separated doublets at N 3.69 and N 3.72 instead of a singlet at N 2.13 (progesterone: CH 3 -21 [21] ) strongly indicated that the second hydroxyl group was attached at C-21. The site of the second hydroxyl group was corroborated by examining the e¡ect of a 21-hydroxyl group on the C-21 chemical shift (comparison of 11-deoxycorticosterone with progesterone and of corticosterone with 11L-hydroxypregn-4-en-3,20-dione [22] ). Optical rotation and melting point of compound III were identical with those reported for 15K-hydroxydeoxycorticosterone [21] .
In our previous study [20] on hydrocortisone biotransformation with A. strictum, it appeared that only the side chain attached to the D-ring was implicated in the modi¢cations. Similarly, in the transformation of progesterone, the side chain substituent of the cyclopentane ring, respectively the ring itself was attacked. It seems that the strain of A. strictum PTCC 5282 is probably a suitable fungus for converting some selected sites especially on the D-ring in pregnane-like steroids. 
